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(54) ntle: INHIBmON OF MATRIX METAIXOPROTCASES BY SUBSTTTUTED PHENETHYL COMPOUNDS 
(57) Abstract 

Matrix metalloprotease 
inhibiting compounds, 
phamiaceutical compositions 
thereof and a method of 
disease treatment using such 
compounds arc presented. 
The compounds of the 
invention have generaliied 
fomiula (I), wherein R25 
is a substituted phenylcthyl 
moiety. These compounds 
are useful for inhibiting 
matrix metalloprotcases 
and, therefore, combatting 
conditions to which 
MMP's contribute, such 
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INHIBmON OF MATRIX METALLOPROTEASES BY SUBSTlTUrED PHENETHYL 

COMPOimDS 

BACKCWOiTNH nv TH E rNVFvrrfif tf 

Field of the [nvention 

This invention relates to enzyme inhibitois. and more particularly, to novel substimted 
phenethyl compounds or derivatives thereof useful for inhibiting matrix metalloproteases. 
Dcscriptioa of the Related Alt 

The matrix metalloproteases (aJuL matrix metailoendo^teinases or MMPs) are a femUy 
of zinc endoproteinases which include, but are not limited to. interstitiai coUagenase (a.k.a.. 
MMP-l), stromelysin (a.k.a.. proteoglycanase, transin. or MMP.3). gelatinase A (aJta.. 
72kDa-gelatinase or MMP.2) and gelatinase B (aJc.a„ 95kDa.getatinase or MMP.9). TTiese MMPs 
are secreted by a variety of ceils including fibroblasts and chondrocytes, along widi naniral 
proteinaceous inhibitois known as TlMPs CTtssue Inhibitor of MetalloEtoteinase). 

All of these MMPs are capable of destroying a variety of connective tissue components of 
anicular cartilage or basement membranes. Each MMP is secreted as an inactive proenzyme which 
must be cleaved in a subsetiueu step before it is able to exen its own proteolytic activity. In 
addition to the matrix desooying efEect. certain of diese MMPs such as MMP.3 have been 
implemented as the in viw ■cthrator for other MMPs such as MMP-l and MMP-9 (to^ 
Biodmn Bioplvs. 2fiL 211. 1988; Ogata. tttL^J.BioL Chem., 2fiL 3581. 1992). Thus, a cascade 
of proteolytie activity can be initiated by an excess of MMP-3. It follows that specific MMP-3 
inh'bitow should limit the activity of other MMPs that aw not directly iahn»ite<i hy «iieh inMiH»»T, 
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It has also been reported that MMPO can cleave and thereby inactivate the endogenous 
inhibitors of other proteinases such as elastase (Winyani et al., FEBS Letts. 222. U 9U 1991). 
Inhibitors of MMP-3 could thus influence the activity of other destructive proteinases by modifying 
the level of their endogenous inhibitors. 

A number of diseases are thought to be mediated by excess or undesired matrix-destroying 
metalloproteasc activity or by an imbalance in the ratio of the MMPs to the TIMPs. These include: 
a) osteoarthritis (Woessner, et al..y. BioLChem., 2i3i6\ 3633. 1984; Phadke. et al., / Rheumatol. 

852, 1983). b) rheumatoid arthritis (Mullins, et al., Biochint Blophys. Acta 62L 117, 1983: 
Woolley, et al.. Arthritis Rheum, 21L 1231, 1977; Gravallesc. et al.. Arthritis Rheum. 24, 1076. 
1991), c) septic arthritis (Williams, et al,. Arthritis Rheum, 2i 533, 1990), d) mmor metastasis 
(Reich, et al.. Cancer Res.. 42, 3307, 1988, and Mairisian, et al^ Proc. Nat'l Acad 5ci.. USA Si 
9413. 1986), c) periodontal diseases (OveraU. et al., 7. Periodonial Res. 22, 81. 1987), 0 corneal 
ulceration (Bums* et al.. Invest. OpihalmoL Vis, Set. 2SL 1569, 1989), g) proteinuria (Baricos, et al.. 
Biochem. J. 609, 1988), h) coronary thrombosis fiom atherosclerotic plaque rupture (Henney, 
et al^ Prac, Nat'L Acad. ScL USA SL 8154*8158, 1991), 0 aneurysmal aortic disease (Vine, et al., 
avt5ci.SL233, 1991),j)birthcontrDl(Woessner,etal.,S^eraldr24,491, 1989), k)dystxophobic 
epidermolysis bullosa (Kronberger, et al^ J. Invest. Dermatol. 22> 208, 1982), and I) degenerative 
cartilage loss following tnumatic joint injory, m) conditions leading to inflammatory responses, 
osteopenias mcdiatrd by KfMP activity, n) tempero mandibular joint disease, o) demyelating 
diseases of the nervous system (Chantry, et al., J. Neurochem. ^ 688, 1 988). 

The need for new dierapies is especially important in the case of arthritic dis e as es . The 
primary disabling effect of osteoarthritis (OA), rheumatoid arthritis (RA) and septic arthritis is the 
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progressive loss of articular cartilage and thereby normal joint function. No marketed 
pharmaceutical agent is able to prevent or slow this cartilage loss, although nonsteroidal anti- 
mflaminatonr dmgs (N'SAIDs) have been given to control pain and s*^lli„g. The end result of these 
diseases is total loss of joint function which is only treatable by joint replacement surgery. VtXtP 
inhibitors are expected to halt or icverse the pmgression of cartilage loss and obviate or delay 
surgical interventioa 

Proteases are critical elements at several stages in the progression of metastatic cancer. In 
this process, the proteolytic degradation of strucniral protein in die basal membrane allows for 
expansion of a mmor in the primary site, evasion from this site as well as homing and invasion in 
distant, secondary sites. Also, mmor induced angiogenesis is lequired for nmior growtii and is 
dependent on proteolytic tissue remodeling. Transfection experiments with various types of 
proteases have shown that the matrix metaUoproteases play a dominant role in diese processes in 
particular gelatinases Aand B (MMP-2 and MMP.9. respectively). For an overview of tius field see 
MuUins. et aL, Biochim. Biophys. Acta fi2L 1T7. 1983; Ray. et al., Eur. Resjrir. J. Z 2062, 1994; 
Birkedal-Hansen, et aL, CriL Rev. Oral BioL Med. 4, 197, 1993. 

Furthermore, it was demonstrated that inhOntioo of degradation of extreceilular matrix by 
the native matrix metalloprotease inhibitor TIMP.Z (a protein) arrests cancer giowdi (DeClerck, et 
al.. Cancer Res. 52, 701. 1992) and that TIMP.2 inhibits Oimor-indueed angiogenesis in 
expehmenial syatana (Moses, et aL Science m 1408. 1990). For a review, see DeClerck. et al.. 
Ann. N. Y. Acad. Sd. 732. 222, 1994. It was fimfaer demonstrated that the synthetic matrix 
metalloprotease inhibitor batimasat when given intxaperitoneaUy inhibits human colon mmor 
growth and spread in an orthotopic model in nude mice (Wang, et aL Cancer Res. 5£ 4726, 1 994) 
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and prolongs the survival f mice bearing human ovarian carcinoma xen grafks (Davies. ct al.. 
Cancer Res. 5i 2087, 1993). The use of this and related compounds ha$ been described in Brown, 
ei al.. WO-9321942 A2 (93 1 1 1 1). 

There are several patents and patent applications claiming the use of metalloproteinase 
inhibitors tor the retardation of metastatic cancer, promoting mmor regression, inhibiting cancer cell 
proliferation, slowing or preventing cartilage loss associated with osteoarthritis or for treatment of 
other diseases as noted above (e.g. Uvy. et al., WO-9519965 Al; Beckett, et al., WO-95 19956 Al: 
BeckettetaL, WO-9519957AU Beckett etal., WO-9519961 Al; Brown, et al., WO-932 1942 A2; 
Crimmin, et al„ WO-9421625 Al; Dickens, et al., U.S. Pat No. 4,599 J61 ; Hughes, et al„ U.S. Pat 
No. 5.190,937; Broadhuist, et al., EP 574758 Al; Broadhursl, et al,. EP 276436; and Myen, et al., 
EP 520573 Al. The preferred compounds of these patents have peptide backbones with a zinc 
complexing group (hydroxamic acid, thiol, carboxylic acid or phosphinic acid) at one end and a 
variety of sidechains, both those found in die natural amino acids as well as diose with more novel 
functional groups. Such small peptides are often poorly absorbed, exhibiting low oral 
bioavailability. They are also subject to rapid proteolytic metabolism, thus having short half lives. 
As an example, h ari ma it at > die compound described in Brown« et aL, WO-932 1 942 A2, can only be 
given intra peritoncally. 

Certain 3-biphe&oylpropaiioic and 4-biaxyloylbutanoic acids are described in die literature 
as anu-inflammatoiy, anti*platdet aggregation, anti*phlogistic anti-^lifisrative, hypolipidemic, 
antixfaeunuoic, analgesic, and faypocholesteroletnic agents. In none ofthese examples is a reference 
made to MM? inhibiticm as a mechanian for the claimed therapeutic effisct Certain related 
compounds are also used as intermediates in the preparation of liquid crystals. 
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SpecificaUy. Tomcufcik. et al.. US p«e„t 3.784.701 claims ce«^„ subscinaed 
benzojdptopiomc adds to treat inflammati n aiKl pain. These compounds include 
3.biphenoylpropanoic acid (a.k.a. fenbufen) shownj below. 



Fenbu£ea 



Child.ctaLaPWSci.fifi. 466, «977 describes strucnxxe-activity relationships of seveml 
analogs of fenbufen. TT^e include several compounds in which the biphenyl ring system is 
substimied or the propanoic acid portion is substituted with phenyl, halogen, hydroxyl or methyl, 
or the carboxyUc add or caibonyl funcnons are converted to a variety of derivatives. No compounds 
are described which contain a 4'.substin«ed biphenyl and a substimted propanoic add portion 
combined in one molecule. The phenyl (compounds XLK and LXXVII) and methyl (compound 
XLVn) substimted compounds shown below were described as inactive. 



xLvn 




XLDC 




LXXVII 



Kameo. et aL. Om Pham, fiutt. 2fi. 2050, 1 988 and Tomizawa, et aL, JP patem 62 1 32825 
A2 describe cenain substimted 3-biphenoylpiopionic acid derivatives and analogs thereof including 
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the foUowin^ V3.0US compounds with other subscituen« on the ptopionic .id ponion « 
descnbed. but they do not contain biphenyl residues. 



0 




wherein X - H. 4'.Br, 4--C1, 4'<:h„ or 2'-Br. 

Couss^etaL.£i,.y.Vfe^C^..2i4M987describethefoUo.^g„«U,^^ 
substituted 3-biphenoyl-pn,panoic and -ptopenoic «:ids. TT« conesponding compounds in which 
the carbonyl is replaced widi either CHjOH or CH, are also described. 




,OH 

O 

wherein X = H. CI. Br. CH,0. F, or NH^ 




NicW. et al. DE patent 1 957750 also describes certain of .he above a«*^ 
biphenoyipropanoic acids. 

El-Hashash. et aL. W CA/m, 21 1581. 1978 describe pnxb^ts derived fiom 
p.aroyl.«»ylic acid epoxide, including the foUowing biphenyl compound. No compounds 
substituted on the biphenyl portion are described. 
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Kitainun. « al., JP patent 60209539 describe, certain biphenyl compounds used as 
imennediatcs for the production of liquid crystals including the foUowing. The bipheoyi is not 
substituted in these intermediates. 



.OH 

0 

wherein R* is an alkyi of I-IO carbons. 

Thyes, ct al. DE patent 2854475 uses the following compound as an intermediate. TTie 
biphenyl group is not substituted. 

0--0-Cj>yoh 

o 

Sammour. et al., Egypt J. Chtm. 15. 3 1 1, 1972 and Couqudet. et al.. Bidi Soc. Chim. Fr. 
2. 3196, 1971 describe certain dialkylamino substituted bi 
following. In no case is the biphenyl group gMbaitutrd. 



o 

wherein R'. R» - alkyl. benzyl. H. or, together with the nitiogen, motpholinyL 
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Others have disclosed a series of biphenyl<oataining carboxylic acids. iUustrated by the 
compound shown betow. ^tich inhibit neunl endopeptidase (NEP 24. 1 1 ), a membraae-bound zinc 
metallopiotease (Stanton, et al.. Bioorg. Med Chem. Lett, i 539. 1994; Lombaeit. et al.. Bioorg. 
\fed Chem. Lett. 4.2715. 1994; Lombaeit, etal., Bioorg. Sled. Chem. Lett, i, 145. 1995; Lombaert. 
et al.. Bioorg. Sfed Chem. Lett. 5, 151. 1995). 

0 0 
PbO R 



It has been reported that N-carboxyalkyI derivatives containing a biphenylethylglycinc. 
illustrated by the compound shown below, are inhibitors of sQomelysin-l (MMP-3), 72 kDA 
gelatinase (MMP-2) and collagenase (Duiette, et al., W0.9529689). 

p 



o 



O 

CH| 



It would be desitable to have efiective MMP inhibhon which possess improved 
bioavailabiUty aad biological ttabiUty relative 

which can be optimized for use agaiiutpaiticuiar target MMPs. Such compounds aoe the subject 
of the present application. 
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The development of efficaciou, MMP inhibitor, *x,uid afford new therapies for disease, 

mediated by the presence ot or an exce,. of MMP activity, including osteoarthhtis. rheumatoid 

arthritis, septic arthritis, tumor metastasis, periodontal diseases, corneal ulcerations, and proteinuria. 

SeveraJ inhibitors of MMPs have been described in the literature, including thiols (Beszam. et al.. 

J Med. Chem. 4030. 1993), hydioxamic acids (Wahl, et al. Bioor^. Med Ckern. Un. i 349. 

1 995; Conway, et al. J. Exp. Med. ISL 449, 1995; Porter, et al., Bioorg. Med Chem. Un. 4. 2741 . 

1994; Tomczuk, et al.. Bioorg. Med Chem. Un. i 343. 1995; Castelhano. et al.. Bicorg. Med 
Chem. Un. 5. 1415, 1995). phosphorous4)ased acids (Bird, et al. 7 Med Chem. XL 158. 1994; 
Morphy. et al. Bioorg. Med Chem Un. 4. 2747. 1994; Kortylewicz. et al., J. Med Chem. Ji 263, 
1 990). and carboxylic acids (Chapman, et al. J Med Chem. Ifi. 4293. 1993: Brown, et al. J. Med 
Chem 12. 674. 1 994; Morphy. et aL. Bioorg. Med Chem. Lett 4. 2747, 1 994; Stack, et al.. Arch 
Biochem Biophys. 2SL 240, 1991; Ye. et al., / Med Chem. 2L 206, 1994; Cobelny. et al.. 
Biochemistry 6145. 1985; Mookhtiar. et aL, Biochemistry 2L 4299. 1988). However, these 
inhibitors generally contain peptidic backbone^ and thus usually exhibit low oral bioactivity due 
to poor absonmon and short half live, due to rapid proteolyas. Tteefore. there remains a need for 
improved MMP inhibitor,. 

SUMMARY OP THE INVENHON 
TTasinventioaprovidescoinpoundshavtngmatt^ 
compounds aie tt«fiil for inhibiting matrix metalloprotea« and, therefore, combating conditions 
to which MMP', contribute. Accordingly, the present invention also provide, pharmaceutical 
compositions and method, for treating «ich conditions. TTie compounds de«ribed relate to a 
method of treating a human to achieve an efifect, in which the eflto is: aUeviation of o«^^ 
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rheumatoid arthritis, septic arthritis, periodontal disease, corneal ulceration, proteinuria, 
aneurysmonic disease, dystrophic epidennolysis buUosa. conditions leading to inflanunatory 
responses, osteopenias mediated by MMP activity, tempero tnandibular joint disease, or 
demyelinating diseases of the nervous system: tumor metastasis and degenerative cartilage loss 
following traumatic joint injury, and reduction of coronary thrombosis from atherosclerotic plaque 
rupture. The compounds of the invention are also usefiil for birth control. The method according 
to die invention compises administering an amount of a compound or composition of die invention 
as described above, and in more detaU in the detailed description below, which is effective to inhibit 
the activity of at least one matrix meialloprotease, resulting in achievement of the desired effect. 
The compounds of dw present invention are abo useM scientific rwearch took for studying 
functions and mechanisms of action of matrix metaUoproteases in both in vivo and in vitro systems. 
Because of dieir MMP-inhibiting activity, the present compounds can be used to modulate MMP 
action, Uwreby aUowing die researcher to observe die effects of reduced MMP activity in the 
experimental biological system under study. 
15 This invention relates to compounds having matrix metalloprotease inhibitory activity and 

the generalized formula: 

(D^-B-D-E-G (L) 
In die above gsneniized formula (L). (T)^ represents a substituted or unsubstimted 
aromatic 6-aiembered ting or heteraaromatic S • 6 membered ring containing 1-2 atnm^ of N, O, 
or S. T represents ooe or more substituem groups, the subsoipi x represents the munber of such 
substituem groups, and A represents the aromatic or heteroaromatic ring, <4»^ gtni«»^ as die A ring 



20 
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are separated by ai least one carbon atom. 

TT«s«bsdtueMgroup(s)Tareindepe«lenUy selected 
alky,; haJodM: alkenyt; alkynyl. benzyloxy. ^^^^^ 

-4;and.alkenyl.3 in which the allcenylmoietycomprise,:-^ 

is selected fiom the group consisting of aryl. hetetoaryl. -CN. -CHO. -NO:. -C0^\ ^DCOR' 

•SOR'. .SO,R^ ^Om\ .S03N(R% .COR^ -N(R^. .W)C0R^ .N(Ra)CO,R^* 

■N(R^ON(R^.:HN..OR^and.SR^ ^ these fonnulae R^ ,ep«««, H. ary,. heten,«y,. 
aryIaiIcyI.orhete«,aryUaikyl;R^„^a^^ 

represents H. alkyl, aryl. heteroaryl. aryiallcyl. heteroaryl-alkyl. alkenyl. alkynyl. haloaikyl. acyl. 
or alkyleneoxy or polyalkyleneoxy terminated with H, alkyl, or phenyl. Unsanction in a moie,! 
which is attached to Q or which is part of Q is separated fiom any N, 0. or S of Q by at least one 

carbonatom. TT»e A ring may be unsubstintted or may cany up to 2 substin«nt, T. Accordingly, 
the subscript X is 0, 1, or 2. 

In the generalized fomtula aX B reprasems an aromatic 6-membertd ring or a 
heteroaromatic 5 - 6 membered ring containing 1 . 2 atoms of N, O, or S. It is refer«d to as the B 

ringorBunit. When N is employed in conjunction with either S or O in d>e B ring, diese 
heteroatoms are separated by at least one carbon atom. 
In the gBQoalized fbimuU (LX D represents 

)C«, )c=NOH >„ )<« V" 
^ / / / oh / H 
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In the generalized formula (L). E represents a moiety of the formula 

i-(CH,).-/"V~V 
D-<(CHV ^ ^ 

where r is 0-2. z is M. Y' is H or CH,. and YMs an alkyi of 3-6 caibons, a primary or secondary 
aminoalkyl of 3-6 carbons, a carboxylic acid of 2-5 carbons, a (l-morpholinyl)alkyl wherein the 
alkyI group is 0-5 carbons, an ester of 3-5 carbons, a ketone of 3-5 carbons, or a arylalkyl wherein 
the alkyI group is 3-5 carbons; or Y' and Y* togedier with the nitrogen atom to which they are 
attached form a 1-piperidinyl or l-morpholinyl ring. D and G as used in die above structure 
represent die D and G units of the general formula (L) and are not part of die E unit; they are 
included merely to indicate how the D, E and G groups are linked. When r » 0 the strucwre above 
takes the foim: 

O y' 

15 When r =2 the allcyl moiety includes a cyclobutyl ring and when r » 3 the allcyl moiety includes a 
cyciopentyl ring. 

In the generalized formula (L), G represents -POjHj -M 

O ^ o R» 

-C-N-g-M , .or ^^^-^ 

20 inwhfchMrcpresents^OiH,-CON(R'\or-COjR'\R'^rcprcsente •4carbons, 

and R'^ r ep r e sents any of tfie side chains of the 19 noncyciic nantraUy occurring aminft adds. 

Phaimaceutically acceptable salts of these compounds are also within the scope of the 
invention. 
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n..,hylorph«yl,™,p. P««-ofd«l,^pte„^^b„l^^^„^^^ 

MMP inhiWao- con-to . of «,ni««« si» on *. p^i, „ ^ 

porto«of4.motec.l.. Tl»WpMrlpo«io«of*.b«MMPtaWb,««.l«,p:^,,^ 
a sobain™ 0. 4'ix^o«. Me. a« pn^ic or 

.»bs.,,»«4 a» ui^ubsdnnrt bipl»^ «,,„poond. of u» to^ 

considered realistic drug candidates. 

The foregoing merely summarizes certain aspects of the present invention and is not 
intendeinorshouid it becoostn,ed.to limit theinvemio^ All ofthc patents and other 

publications recited in this specification a« hereby incorporated by reference in their entirety. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Thisinve«ionpnn^compoundshavingma«rixmeaUopiot«^ 
compounds are useful for inhibiting matrix metalloproteases and. *erefore. combadng conditions 
to which MMP's contribute. Accordingly, the present invention also provides pharmaceutical 
composition, and medMxb for tre«i«g such conditions. The compounds described relate to a 
n«dKrfoftr««ing.human to achieve an effixt, in whichto 

rheumatoid arthritis, septic arthritis, periodomal disease, cornel ulceration, p^teinmia. 
aneurysmortic disease, dy«rophic epidermolysia bullosa, conditions leading to inflammatory 
responses, osteopenias mediated by MMP activity, tempeto mandibular joint disease, or 
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demyeliiaiing diseue, of the nervous system: tumor metastasis and degene,«ive cartilage loss 
following traumatic joint injury, and reduction of comnary thrombosis from atherosclerotic plaque 
nipiure. The compounds of the invention are also useful for birth control. Tht medtod according 
to the invention comprises administering an amount of a compound or composition of the invention 
as described above, and in more detail in the detailed description below, which is effective to inhibit 
the activity of at least one matrix metaUoprotease, resulting in achievement of the desired eflect 
The compounds of the presem invention are also useful sciemific research took for swdying 
fimctions and mechanisms of action of matrix mecUloproteases in both in vivo and in Wiro systems. 
Because of Uieir MMP-inhibiting activity, die presem compoumls can be used to modulate MMP 
action, thereby allowing the researcher to observe the effects of reduced MMP activity in the 
experimemal biological system utxler study. 

More particulariy. the compounds of the presem invention are materials having matrix 
metalloprotease inhibitoiy activity and the generalized formula: 

a\A-B-D-E^ (L) 
in which (TXA tepiesents a substituted or unsubstimted aromatic or heteroaromatic moiety selected 
from the group consisting of: 



f> n 
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in which R' represents H or alkyl of I - 3 carbons. 

TTuou8houtthisappUcaiion.inthedisplayedchcn«^^ 
point at which the structure joins to another group. For example. 

or'" 

where R^** is 




is the stnicture 



In these stnictures. the aronumc ring is referred to as the A ring or A um^ 
represents a substinient group, referml to as a T group or T unit Substiment groups T are 
independenUy selected fiom the group consisting of: the halogens -F. -Br, and -I; alkyl of I - 
10 carbons; haloalkyi of I - 10 carix>ns; alkenyl of 2 - 10 carbons; allcynyl of 2 - 10 carbons; 
benzyloxy. alkyloxy of 1 -5 carbons; <CH^,Q in which p is 0 or an integer 1 . 4. and -alkenyl^J in 
which the alkenyl moiety comprises 2 . 4 carbons. Q in each of the latter two groups is selected 
fiom the group consistingof^yi of 6 - 10 carbons; hetero-yl comprising 
one N. O. or S heteroaiom, -CN. ^O. -NO,. -CO,R^ .sor». .S0,K\ -C0N(R% 

'SO^S(B^ , AO)R'. .m^OK\ N(R^O.R\ -N(R»)CON(R% ^HN. OR\ and SR*. 

The groups R*. R\ and R'are defined as foUows. 
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R- itpttsents H; alfcyl of I - 6 carbons: aryl of 6 . 10 carbons: tieieraaryl comprising 4 . 0 
carbons and at least one N. O. or S heteroatom; ar>lalkyl in u^luch the aryl portion contains 6-10 
carbons and the alkyi portion contains 1 • 4 carbons: or heteroaryl-aikyi in which the heteroaryl 
portion comprises 4 - 9 cariions and at least one N. O. or S heteioatom and the alkyl portion contains 
5 1-4 carbons. 

represents alkyl of 1 - 4 carbons; aryl of 6 - 10 carbons; heteroaryl comprising 4 - 9 
carbons and at least one N. O. or S heteroatom; arylalkyl in which the aiyl portion contains 6-10 
carbons and the alkyl poition contains 1 • 4 carbons; or heteroaiyl-alkyl in which the heteroaryl 
portion comprises 4 . 9 carbons and at least one N, O. or S heteioatom and the alkyl portion contains 
10 1-4 carbons. 

R* represents H: alkyl of I - 12 carbons; aryl of 6- lOcarbons; heteroaryl comprising 4- 9 
carbons and at least one N. O, or S heteroatom; arylalkyl in which the aryl portion contains 6 - 10 
carbons and the alkyl portion contains I - 4 carbons; heteioatyl-alkyl in which the heteioaryl poition 
con^wises 4 - 9 carbons and at ieast one N, O, or S heteioatom and the alkyl poition contains I - 4 
15 carbons; alkenyl of 2 - 12 carbons; alkynyl of 2 - 12 carbons; KC^^OXR* in which q is 1-3. r is 1 
- 3. and R» is H provided q is greater than I, or R* is alkyl of I - 4 carbons, or phenyl; -(CH,XX in 
which s is 2 • 3 and X is halogen; or -C(0)R'. 

Any UDsatuiadon in a moiety which is attached to Q or which is part of Q is separated 6om 

any N. O. or S of Q by at least one carbon atom, and the number of si^siituents. designated X, is 0. 
20 l,or2. 

The subsdtuett gnup T can also be an aceQrlene contaiiiing moiety with the general formula: 

R"(CHJiCSC— 
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where n is I-» and R» is selected fiom die group consisting of: HO-. MeO-. (n-Pr),N.. CH,CO,.. 
CH,CO:OCO,.. Hac.. HOC. Ph-. 3^H.Ph.. and PhCH.O-. provided tha, when R» is Ph or 3- 
OH.Ph.a-0. 

The B ring of generalized formula (L) U a substituted or unsubstituted aromatic or 
heteroaromatic ring, in which any substimenis are groups which do not cause the molecule to foil 
to fit die active site of die target enzyme, or disrupt die relative conformations of die A and B rings, 
such that they would be dctrimcmal. Such groups may be moieties such as lower alkyl, lower 
alkoxy. CM. NO,, halogen, etc.. but are not to be limited to such groups. In die generalized formuU 
(L). B represents an aromatic or heteroaromatic ring selected from die group consisting of: 

/X ^ ^ 

^ XX ^ 







O 




^ A XX 



aX XT XT 

m Which R" IS defined as above. TTiese tings are lefened to as die B ring or B unit 
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Compounds of (he general fonnula (L) include those in which the combination of (T),.A-B, 
rather than taking one of the forms described above* has the smicture: 

R"-Z-CH2— 

vvtcrc Z may be (CH,X-C^,-(CHj)r or (CH,Jp e - 0-8. f » 0-5 and g - CIO. may be a straight 
or cyclic allcyl group of 6-12 carbons atoms, preferably of 7-1 1 carbon atoms, and optionaUy may 
bear one or more phamiaceutically acceptable substituents which are discussed more fully below. 
Any branching or substitution is preferably located at least three chain atoms away ftom the point 
of attachment of the R'^ group to the phenyl ring. 

R" may also be a polycthcr of the formula R^^CiH^O)^ in which the subscript "h" is I or 
2, and the group R^^ is a straight, branched or cyclic allcyl group of 1-5 carbon atoms, preferably of 
lO carbon atoms and straight, or phenyl* or benzyl. R^^ optionally may bear one or more 
phannaceutically-acceptable substiments which are discussed more fiilly below. Any branching or 
substitution is preferably located at least three chain atoms away from the point of attachment of the 
polyether R'^ group to the phenyl ring. 
15 R'^ may also be a substituted alkynyl group of the formula: 

R"(CH:X-C»G- 

in which the subscript '^b** is I-IO and the gro!^) R^ is H% HO- or R^ and the group is preferably 
theHO-group. R^ may be an alkyl group of 1-3 carbon atoms, or phenyl or benzyl. R" optionally 
may bear one or more phaimaceutically-acceptable substituents which are diff^i^tH more fully 
20 below. 

R>^ may also be -H* -CU -OMe or 
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wherein n is (M. R'^ is CH,, allyl or benzvt and is one of 




where X .s (M. t is 0-2. and is one of the following: halide, alJcyt of 1-6 carbons. OR. NR, sa 
(R = H or alkyi of I -6 carbons). 

In the generalized fonnula (L), D represents the moieUes: 

>*0 V=^,OH >=:S V" 

^ / / /"oh /^h 

In the generalized formula (L). E represents a moiety of the fonnula 

where r is 0-2. z is M. Y' is H or CH,. and Y' is an alkyI of 3-6 carbons, a primary or secondary 
aminoalkyl of 3^ carbons, a carboxyUc acid of 2-5 carbons, a (lHnorpholinyl)alkyl wherein d>e 
alkyI group is 0-5 carbons, an ester of 3-5 carbons, a ketone of 3-5 carbons, or a aiylaUcyl wherein 
the alkyl group is 3-5 carbons: or Y' and Y^ together with the nitrogen atom to 
attached form a 1-piperidinyl or l-moipholinyl ring. D and G as used in the above strucnire 

represem the D and G units of the general fomiuU a) and are not part of tf» E unit; they 
includedm«elytoindicatehowtheD,EandGgroup,areUnked. When r - 0 the stnicnae above 



takes die fbnn: 

O y« 
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When r -2 the alkyl moiety includes a oxlobutyl ring and .vten r - 3 the alJcyl moiety includes a 
cyclopentyi ting. 

In addition, aiyl or heteioaiyi poitions of any of the T groups optionally may bear up to tw,o 
substinients selected fiom die group consisting of -(CH:XC(R' '~XR")OH. -{CH-xOR", -<CH,XSR". 
-(CHJ^(O)R". ^CH^S(0):R". ■{CH,)^0,N(R''),, KCH,VN(R"):. -(CH:),N(R")COR'^ 
-OC(R''),0- in which both oxygen atoms are connected to the aiyl ring. •{CH)CPK*\ 
-(CH:XCON(R"),.. -(CH^CaR". -(CH,J,OCOR" -halogen, -CHO, -CF,. -NO^, -CN. and -R«-. in 
whichyisO.4; R" represents H or allcyl of I - 4 carbons; and R" represents alkyl of 1 - 4 carbons. 
In die generalized formula (L). G represents -PO,Hi -M 

O OR" 
-C-N-g-M . -C-g-^-M .or -A^^N 

in whichM represents -COjH, -CON(R"V or ^0,R". and R» represents any of die side chains of 
the 19 noncyctic naonaUy occurring amino acids. Pharmaceurically acceptable salts of die 
compounds falling widiin dK generalized formula (L) are also widiin die invention. 
In the compounds of the inventioti. the following are preferred. 

The subsdttient group T is preferably halogen (most preferably CI). 
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The subscript i^ch defines the ntimbcr of T subsdtuems, is preferably I or 2, most preferably 

U and this substhuent is on the 4- position of ring A. 

The A ring is preferably a phenyl or diiophene ring, most preferably phenyl 

The B ring is preferably a U4-phenylene or 2^-thiophene ring, most preferably 

lt4-phenylette. 
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The D unit is most preferably a carbonyl group. 
The E unit is preferably: 



as befc,. D a,^ O « U„ D 0 ^tt a«i „ no, panof E. z is M 

and R'^ is one of the following 

Vll,r-Ph CH, 



OH 

6^" ^ 



O CH, O 



TTw G unit b most prefetably a caiboxylic acid group. 

U is to be uiulcntood th« a. u«d h«in. the tenn W 
andpolycydicn-erids. Tl« torn -hatoaikyi-- „eans paitially or fuUy ta^ 
such as -(CH^a -CFjand -C^„. for example. 

In one of its embodimems. the invemioB lelaies to compounds of geoeral^ 
in which at least one of the unit, A. B.T. and E comprises a hete^aromatic ring. Prefened 
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heteroaromaiic ring-containing compounds ate those in which the heteroar> l groups are heieroar> l 
of 4 . 9 caitnns comprising a 5 - 6 raembered hcteroaromatic ring containing O. S, or NR' wten the 
ring is 5-mcmbered, and N when said ring is 6-membered. Particularly preferred hetetoaromatic 
ring-containing compounds are those in which at least one of the A and B units comprises a 
thiophene ring. When the A unit is thiophene. it is preferably connected to B unit at position 2 and 
carries one substituent group T on position 5. >Vhen B Unit is thiophene, it is preferably conneaed 
through positions 2 and S to O and A units respectively. 

In the generalized fonmula (L). the A and B rings are preferably phenyl and phenylene. 
respectively, the A ring preferably bears at least one substituent group T preferably located on the 
position furthest from the position of the A ring which is connected to the B ring, the D unit is 
preferably a carbonyl group, and the G unit is preferably a carboxyl group. 

In a particulatiy preferred embodiment, the compounds of the invention have the formula: 

f 



o 

in which x is 1 or 2« one substituent group T is located on the 4- position of the A ring, relative to 
the point of attachment between the A and B rings, n * l*S and R^* is ortho* meta or para to the 
(CHjX and is sdected from one of the following: 
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>a^o Vb-^oh 



0.0 Vc^"-™. 

O CH, O 



Substituent group T of this subset is preferably a halogen, 

T is most pzeferably CI and is in the pan position of the A ting leiative to the B ring. 

The invention also relates to certain intermediates usefiil in the synthesis of some of the 
claimed inhibitors. These intermediates are compounds having the generalized formula: 



where n - 1-5. R" b a halogai and R» is H or an alkyl (preferably ethyl) or aUylaU^ 
alkyl is prefenbty methyl) group. 



^5 
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Those skiUed in the art wll appreciate that many of the compounds of the mvcniion exist m 
enantiomeric or diasiercomeric forms, and that it is understood by the art that such stereoisomers 
generally exhibit different activities in biological systems. This invention encompasses all possible 
stereoisomers w,1uch possess inhibitoiy activity against an MMP, regardless of iheir stcieoisomcric 
designations, as well as mixwrcs of stereoisomers in which at least one member possesses inhibitory 
activity. 

The most prefiered compounds of the present invention are as indicated and named in the list 

below: 

n 4'<hloro-Y-oxo^-[2-[2-([(2-phcnylethyl)aniinoJcarbonyllphcnyl]^^ 
butanoic acid, 

H) 4'<hloro-aH7.[2-{t(4-morpholinylcarbonyl)phenyllethyll-YK>xo-[U^ 
acid, 

ni) 4'-chloro-Y-oxo-a.[2-I2-[[(phcnylmcdiyl)aminolcarbonyllphcnyl]ct^^ 
butanoic acid, 

IV) 4'<hioio-Y-ox(Hx-[242H[(3i)henylpropyl)aminolcarbon 
butanoic acid, 

V) 4'<hloro-YH)xoHi-(2^2Kl-pipcridinylcarbonyl)pheiiyl]clhyl]-[Ul '-^^ 
acid, 

VI) 4'<hloio<K2-(2-[[(3Hncth^butyl)amii» 1,1 '-bii*enyll-4. 
butaootc and, 

VH) 4'<hloio-a-[2-{2-[[(3-ethoxybutyl)aminolcarbo^^^ 
butanoic acid. 
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vm ^'<l-<^°-«-t2-[^[[(2-*U,oxycU.yl)a^u^oJc^^^^^ 
butaaoic aci(L 

K) ^'<WonHi.(2-[2-a(2^oxy-2-oxoethyl)mcthylami^^ 

biphcnyl)-4-butanoic acid, 

X) ^'•^Woro-«.(2.[3K4.moTpholinyIcarbonyl)phenyl)ethyl].YM^^^^ 

acid, XI) 4' -chloro-Y^xo.«.[2.[3^I.pipcridinylcarbonyl)phcnyl]ethylHLl^W 

butanoic acid, 

Xn) -»'<W<>«>-Y-oxow«.(2-[3K[(2.phenyIethyl)amino]carbonyll^^^^ 
butanoic acid, 

Xm) 4'<hlon,.yK,xo^-(2K34[(3-pl«qrlp„,pyl)amino]ca^^ '.biphcnyl]-U 
butanoic acid, 

XIV) 4'<hIoiOHiK2.[3.[[(3.mcthyIbutyl)anuno]carbonyl]phenyU^^^ '-biphcnyll^. 

butanoic acid, 

XV) ■»'<hloro.Y^,xo^.(2^3.[[(ptenylmethyl)aimno)ca^ '.Wphenyl]-!- 

butanoic acid, 

XVI) '*'<Wor«H«K2^3^(2<thoxy.2^xo«hyl)m«hylainino]ctt^ 
biphenyl]*4»butaQoic add, 

xm •^'<WoioHt.(2.(4K4-moipholiny^ 
acid, 

XVni) 4'<faIo«Hi42H4K[QHiiethyflwy|)an^ 
butanoic acid, 
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XDO •^'-chloro-a-[2-[4.[[(2-clhoxy.2-oxocihyl)amino)carbonyl]phcn 
biphenyl]-4-butanoic acid 

XX) -^'<W<m>-YK)xo-a42-[4.[[(2-phcnyleihyl)aminolcarbonyl]p^^^^ 
butanoic acicL 

XXI) 4 -chloro- Y-oxo-a-[2-[4K I -pipcridinyicarbonyl)phcnyl]ethyll-[ 1 , 1 -Biphenyl]^butanoic 
acid iphenyl]-4-butanoic acid, 

XXn) 4'<hloro-Y-oxo^-[2-[2-[[(2-phenylcthyl)anunolca^ 
butanoic acid, 

XXnn a-(2-(2-[[(2<arboxycthyl)amino]carbonyl]phcnylleihylH'^ '•biphcnyl]. 
4*butanoic acid, 

XIV) a-(2-[4[[(carboxymcthyl)amino}carbonyl]phenyl]cthyl]-4'<hIo^^ 
butanoic acid, 

XXV) 4^chIoro-a-[2[2-[[[2K4-morpholinyl)cthyl]amino)carbonyl]phcnyllcthyl]-Y^^ 
biphenyl]-4*butanoic acid, 

XVI) a42-[H[(2Karboxycihyl)ainino]carbonyl]phcnyllcthyll4'H:hlo^^ '-biphcnyl]-*- 
butanoic acid, 

XXVn) 4'^hloroHi-[2-(3-[[[2K-morpholinyl)cthyl]amino]caibonyllphenyll^^ 

bipheiiyl]-4-butaiioic acid, 
XXVm) 4'<hIoio^-[2-4.[[[2K4-morpboliinyl)cthyllamino]carb^ 

biiriiei^]^4»butaD0tc acid, 
XXEX) 4'<faloiD^*{2-[3-[[[2-(diinediylamino)*2K>xoediyl]methyl^ 
Y-oxo-[ 1 , 1 'bi|dmyi]-4-butanoic acid. 
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XXX) Y^''0-;Vphcnylmethoxy)^.{20KI.piperidinylcarbonyl)phenyl^ 
butanotc acid, 

XXXD V-<>xo-4^(pcntyloxy)^».(2.[3Kl-piperidinylcarbonyl)phenyl]ethyl)-[l.l^biphen^^ 

butanoic acid, and 

XXXm Y-oxo<c.[2-(2-[(2^xo-l.piperidinyl)methyl)phenyI]ethyll-t^(phcnylmetho^^^ 
biphenyI]-4-butanotc acid. 

General Preparative Methods: 

The compounds of the tnvendon may be prepared by use of known chemical reactions and 
procedures. Nevertheless, die following general preparative meduids are presented to aid die reader 
in synthesizing the inhibitors, widi more detailed particular examples being presented below in Uie 
experimental section describing the working examples. 

Suitable phaimaceutically acceptable salts of the compounds of the present invention 
include addition salts formed with organic or inorganic bases. The salt foiming ion derived from 
such bases can be metal ions, e-g.. aluminum, alkali metal ions, such as sodium of potassium, 
alkaline earrfi metal ions such as calcium or magnesium, or an amine salt ion, of which a number 
are known for this purpose. Examples iiKlude ammonium salts, aryialkylamines such as 
dibenzylamine and ^.AWibenzyieihylenediamine. lower alkyiamines such as methylamine. 
f-butyiamine, procaine, lower alkylpipeiidines such as A^ethylpiperidine. cycloalkylamines such as 
cyclohexylamioe or dtcyclohexyiamine. 1-adamantylamine. benzathine, or sahs derived from amino 
acids like argioinc lysine or the tike. The pfaysiologicaUy acceptable salts such as the sodium or 
potassium sahs and the amino add sahs can be used medidnally as described below and are 
preferred. 
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These and other sails which are not necessarily physiologically acceptable are useftil in 
isolating or purifying a product accepuible for the purposes described below. For example, the use 
of commerciaUy available enantiomerically pure amines such as {+H:inchoninc in suitable solvents 
can yield salt cr>stals of a single enatiomer of the invention compounds, leaving the opposite 
enaniiomer in solution in a process often referred to as -'classical resolution/' As one cnantiomer 
of a given invention compound is usually subsiantiaUy greater in physiological effect than its 
aniipodc, this active isomer can thus be found purified in either the crystals or the liquid phase. The 
salts are produced by reacting the acid form of the invendon compound with an equivalent of the 
base supplying the desired basic ion in a medium in which the salt precipitates or in aqueous 
medium and then lyophilizing. The free acid form can be obtained from the salt by conventional 
neutralization techniques, e.g.« with potassium bisul&te, hydrochloric acid, etc. 

The compounds of the present invention have been found to inhibit the matrix 
metalloprotcascs MMP-3, MMP-9 and MMP-2, and to a lesser extent MMP-1, and are therefore 
useful for treating or preventing the conditions referred to in the background section. As other 
VfMPs not listed above share a high degree of homology with those listed above, especially in the 
catalytic site, it is deemed that ccmipounds of the invention should also inhibit such other NfMPs to 
varying degrees. Varying the sub^tuems on the biaryl portions ofthe molecules, as well as those 
of the propanoic or butaooic add chains of the claimed compounds* has been demonstrated to afiect 
die relative inh3»tioa of die listed MMPs* Thus compounds ofthis general class can be "tuned** by 
selecting specific subsdtuems such that inhibition of specific MMP(s) associated widi specific 
pathological conditions can be enhanced v^le leaving non-involved MMPs less affected. 
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The method of treating matrix metailopiotease-mediated conditions may be practiced m 

mammab, including humans, wliich exhibit such conditi n$. 

The inhibitors of the present invention an: contemplated for use in veterinary and human 

applications. For such purposes, they will be employed in pharmaceutical compositions containing 

active mg«dient(s) plus one or mote pharmaceutically acceptable carriers, diluents. fiUen, binders. 

and other excipients. depending on the administration mode and dosage form contemplated 

Administration of the inhibitors may be by any suitable mode known to those skiUed in the 

ait Examples ofsdtableparemeral administration include intravenous, mtt^ 
and innamuscuiar routes. Irwavenous administration can be used to obtain acute regulation of peak 
plasma concentrations of the drug. Improved half-life and targeting of the drug to the joint cavities 
may be aided by entrapment of the drug in Uposomes. It may be possible to improve die selectivity 
of liposomal targeting to the joint cavities by incorporation of ligands into the outside of the 
liposomesthatbindtosynovial-specificmacromolecules. Alternatively intramuscular, intraarticular 
or subcutaneous depot injection with or without encapsulation of the drug into degradable 
microspheres e.g.. comprising poly(DL.hictide<o^ycolide) may be used to obtain prolonged 
sustained drug release. For improved convenience of the dosage form it may be possible to use an 
• p. implanted reservoir and sepnim such as the Percuseal system available &om Pharmacia. 

Irnproved convenience and pariem compliance may also be achieved by the use of dther inj 
pens(eg.theNovoPinor(^pen)orncedle.fieejetiiyectors(e.g.fomBioject.N^ 
DickinsonX Prolonged joo-adtx or other precisely controUed release such as pulsatile release can 
also be achieved as needed using implantable pumps with delivery of the drug through a cannula 
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into the svTiovial spaces. Examples include the subcutaneously implanted osmotic pumps available 
&om ALZA, such as the ALZET osmotic pump. 

Nasal delivery may be achieved by incorporation of the drug into bioadhesive particulate 
carricR (COO um) such as dtose comptising cellulose, polyacrylate or polycarbophiL in conjunction 
with s .Stable absorption enhancers such as phospholipids or acyicamitines. Available systems 
include those developed by DanBiosys and Scios Nova. 

A noteworthy attribute of the compounds of the present invention in contrast to those of 
various peptidic compounds referenced in the background section of this application is the 
demonstrated oral activity of the present compounds. Certain compounds have shown oral 
bioavailability in various animal models of up to 90 - 98 %. Oral delivery may be achieved by 
incorporation of the drug into tablets, coated tablets, dragees, hard and soft gelatine capsules, 
solutions, emulsions or suspensions. Oral delivery may also be achieved by incorporation of the 
drug into enteric coatedcapsulesdengned to release the drug into the colon where digestive protease 
activity is low. Examples include die OROS-CT/Osmet^ and PULSINCAP™ systems from ALZA 
and Scherer Drug Delivery Systems respectively. Other systems use azo-crosslinked polymers that 
are degraded by colon specific bacterial azoreductases, or pH sensitive polyacrylate polymers that 
are activated by the rise in pH at the colon. The above systems may be used in coi^tmction with a 
wide range of available absoiptioii enhancers. 

Rectal delivery may be achieved by incorporation of die drug into suppositories* 

The compounds of this invention can be manu&ctuied into the above li^ed formulations 
by the addition of various therapeutically inat, inorganic or organic cairien well known to those 
skilled in the art Examples of diese include, but are not limited to, lactose, com starch or 

IP 
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derivatives thereof, talc, vegetable oils, waxes, fiits. polyols such as polyethylene glycol, water, 
saccharose, ale hols, glycerin and the like. Various preservatives, emulsifiers. disper«nts. 
flavotanis. v-wing agents, antioxidants, sweeteners, colorants, stabilizers, salts, buffers and the like 
are also added, as required to assist in the stabilization of the formulation or to assist in increasing 
bioavailabiUty of the active lngredicnt(s) or to yield a formulation of acceptable flavor or odor in 
the case of oral dosing. 

TTie amoum of dK pharmaceutical composition to be enaployed will depend on the recipient 
and the condition being treated. TTie requisite amount may be determined without undue 
experimentation by protocols known to those skiUed in the ait Alternatively, the requisite amount 
macf be calculated, based on a determination of the amount of target enzyme which must be inhibited 
in order to treat the condition. 

TTie matrix metaUoprotease inhibitois of the invention axe use&l not only for treatment of 
the physiological conditions discussed above, but are also useful in such activities as purification 
ofmctaltoproteases and testing for matrix metaUoprotease activity. Such activity testing can be both 
in vitro using nannal or synthetic enzyme preparations or in vhw using, for example, animal models 
in which abm>rinal desmictive enzyme levels are foimd spontaneously (use of genedcaUy mutated 
or transgenic animals) or are induced by administiation of exogenous agents or by surgery which 
disrupts joint stability. 

EXAMPITS 

The following examples are ofiered for iUusnative purposes only and are not intended, nor 
should they be construed, to limit the invention in any w^. 
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General Procedures: 

All reactions were performed in flame-dried or oven-dried glassware under a positive 
pressure of argon and were stirred magncrically unless otherwise indicated. Sensitive liquids and 
solutions were iransfenred via sviinge or cannula and were introduced into reaction vessels through 
rubber septa. Reaction product solutions were concentrated using a Buchi evaporator unless 
otherwise indicated. 
Materiab: 

Commercial grade reagents and solvents were used without further purification except that 
diethyl ether and tetrahydrofuran were usually distilled under argon from bcnzophenone ketyl, and 
methylene chloride was distilled under argon from calcium hydride. Many of the specialty organic 
or organometallic starting materials and reagents were obtained from Aldrich, 1001 West Saint Paul 
Avenue, Milwaukee, WI 53233. Solvents are often obtained from EM Science as distributed by 
VWR Scientific. 

Chromatography: 

Analytical thin-layer chromatography (TLQ was performed on Analtech* pre-coated 
glass-backed silica gel GHLF 250 mm plates. Visualization of spots was effected by one of the 
following techniques: (a) ultraviolet illumination, (b) exposure to iodine vapor, (c) immersion of 
the plate in a 10% solution of phosphomolybdic acid in ethanol followed by heating, and (d) 
immersion of Ae plate in a 3% solution of p-anisalddiyde in ethanol containing 0.5% concentrated 
sulfuric acid followed by heating. 

Column chromatography was performed uang 230-400 mesh EM Science* silica geL 
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lostnimcntati a: 

Melting points (mp) wc« detenained with a Thomas-Hoover melting point apparatus and 

ore uncorrected 

Proton ('H) nuclear magnetic resonance (NMR) spectra were measured with a General 
Electric GN-OMEGA 300 (300 MHz) spectrometer, and carbon thirteen C'C) NMR spectra were 
measured with a General Electric GN<>MEGA 300 (75 MHz) spectrometer. Most of the 
compounds systhesized in the experiments below were analyzed by NMR, and the spectra were 
consistent with the proposed structures in each case. 

Mass spectral (MS) data were obtained on a Kxatos Concept I-H spectrometer by 
liquid<csium secondary ion (LCIMS). an updated version of Eisi atom bombardment (FAB). Most 
of the compounds systhesized in the experiments below were analyzed by mass spectroscopy, and 
the spectra were consistent with the proposed strucnires in each case. 



General CommeBls: 

For multi-step ptocedutea. sequential steps are noted by numbers. Variations within steps 
are noted by letters. Dashed lines in tabular dato indicates point of attachment 
Example 1 • Preparatioa ofCoBpoaad I 



Br 

Step 1 A solution of (Modopfaoytacetic acid (19.87 g, 73.83 mmol) in dry tetrafaydrofuran (1 10 

mL) was added dii)pwiae ow 41 min to a solution of borane in tetiiihydrof^ 

solution, ca. 151.0 mmoi) which was cooled with an ice-water bath. The leaction was stined at 0 
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to 10 *C for 2 h 15 miiL .\fler ihe reaction mixture was cooled to 0 'C, it was quenched by cautious 
addition (frothing!) of 10 (vol.) % acetic acid in methanol over 20 min. SUnring was continued for 
25 min before the reaction was concentrated on a rotary evaporator. The residue was dissolved in 
ethyl acetate and washed with sanjiated ammonium chloride followed by saturated sodium 
5 bicarbonate. The organics were dried (Na^SOj and concentrated to a yellow oil (18.07 g) which 
w^ used in the next step without purification. Neat 2-(2-iodophenyl)ethanol ( 1 7.75 g, 7 1 .55 mmol) 
was treated dropwise with phosphorous tribromide (3.5 mU 36.85 mmol) over 6 min while the 
reaction vessel was placed in a water bath to modulate the exothermic reaction. Stirring was 
continued for 1 5 min at room temperature and then for 2 h while the mixture was heated in an oil 
10 bath at 100 ^C. The reaction was cooled to room temperature* diluted with ether and quenched 
carefully with water (frothing/exotherm!). The layers were separated, the orgaxiics were washed 
with saturated sodium bicarbonate and dried (NajSO^). ConcentxatioD gave a yellow oil which was 
purified by Kugebrohr disdllation (140 "Xy^OO miilitorr) to give a colorless oil (19.50 g, 62.71 mmol; 
83% yield for above two steps). MS (EI) 3 10, 3 12 [Ml*. 



Step! A dry, 2S0iiiUrouDd4)OttonMd flask was equipped wiA a stir bar and 
flask was charged with a sospenson of sodium hydride (1.65 g of 95% NaH; -65.1 nunol) in dry 
20 THF(25mL). Diethyl oiakmate (9.99 g» 6Z37 nunol) was added dn»p^^ 

Fresh THF (10 mL) was used to wash the addition syringe into the leacdoa vessel. Stining was 
continued for 10 nunbefi>re rapidly addiiig the broniidefiom Step 1 (19.36 g, 62J16 mmol) in THF 



15 
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(20 mL). TTie addition sytinge was washed (10 mL THF) into the reactioa. Tht pale yellow 
solution was heated at reflux under argon with ovenught stitring. The white suspension w^ 
partitioned between 1 0% HCl and ether. The ctheieai layer was washed twice with NaHCO,. dried 
(\a:SO.) and concentrated to an oil which w^ purified by buib-to-bulb distillauon: A forerun 
fraction (collected at 145 'C 700-900 millitorr) was discarded and the bulk distilled at 220 -'C 
(500-600 millitorr). The bulk fraction was further purified by distilling offlower boiling material 
at 150 (300-500 railUtotr) to leave the clean desired product in the pot (15.28 g. 39.16 mmol; 
63%vield). TLC (developed twice in hexanes-ethyl acetate. 20:1): 0.33. 




Step 3 A 2-U three-necked, round-bonomed flask was equipped with a mechanical stiim. a 
theimometer and an argon inlet The flask was charged witii a solution of 4-chlorobiphenyl (48.30 
g. 0.256 mol) in dichloromethane (500 mL. fieshly opened bottie). Bromoacetyl bromide (23 mL, 
-53.3 g. ~^26 mol) was added via syringe and the solution was cooled with an ice water bath to an 
internal tempeianire of 3 'C. The theimometer was temporarily lemoved and AlClj was added 
pottionwise over 5 min. TTie internal temperanne rose to 10 'C and white gas evolved &om die 
opaque oUvegreenreacdonmixnire. After 24 hofstirring. die reaction was quenched by cautiously 
pouring into ookl 10% HQ (I L). The organic layer became cloudy yeUow green. Chloroform was 
added to help di330h« solids, but the organic layer never becainetianspa^ T1>e organics were 
concemwedoo a rotary evapoiator and were dried further under high vacuum^ Hk crude product 
was a pale green solid (-82 g) which reciystaUized fiom hot ethyl acetate to give 
IK24»tDrooc d>a Doae>4K4<hk»»opi>coylH)en2ene as biown needles (58.16 g). Concentration of the 
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mother liquor followed by addition of hcxanes delivered a second crop of cnstals (1 1 06 g; which 
gave an NMR spectrum identical to that of the first crop. The total yield of the tide product w as 
i7%. TLC (hexanes-dichloromeihanc, 2: 1 ): = 0.30. 




Step 4 A dry, 250 mL round-bottomed flask was equipped widi a stir bar and an argon inlet. The 
flask was charged with a suspension of sodium hydride (1 .07 g of 95% NaH; -42.4 mmol) in dry 
THF (100 mL) and was cooled with an ice-water bath. A soludon of the malonatc from Step 2 
(1525 g, 39.08 mmol) in THF (30 mL) was added dropwisc over 30 min. Fresh THF (10 mL) was 
added by syringe to the reaction vessel and the cooling bath was renK>ved. After the reaction stirred 
for 10 mixu the biomomethyl ketone from Step 3 was added in a single portioiL The orange mixture 
was sdntd under argon overnight while slowly wanning to room temperature. The reaction mixnire 
was cautiously added to 1 0% HCL The layen were separated and the aqueous layer was extracted 
with ethyl acetate. The combined organics were washed sequentially with 10% HQ and saturated 
sodium bicarbonate. The combined organics were dried (Na^SOi) and concentrated to afford an 
orange-brown oil (24.41 g). Tliis etude material was used in the next step without purification. 

Tte erode dl (24.19 g, -39.08 aamol) was dissolved in THF (150 mL) and absolute ethanol 
(100 mL). To this mixture was added NaOH solution (10 mL of SO wt % aqueous NaOH, -0.125 
mol) and the reaction was stirred under argon overnight at room temperature. The mixture was 
brought to pH«^l by adding 10% HQ and the cloudy, yellow solution was extracted with ethyl 
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aceute. The combined organics were washed wiih brine, dried (Na,S04) and concentrated to on 
orange foam (22.06 g). This material was used in the next step without purification. TLC 
ichlorofomi-methanol. 20: 1 with trace amount of acetic acid): R,- 0. 12. 




Step 5 The diacid product from step 4 (22.06 g) was dissolved in 1 .4-dioxane (400 mL) and was 
held at reflux under argon overnight Concentration gave the crude product as a yeilow solid ( 1 9.50 
g) which was recrystallized from chloroform to deliver two crops of the title compound Example 
I as a fbiSy solid (1 1.55 g, 2226 mmol; 57«/o overall yield) after overnight drying in a vacuum oven 
at 66 'C. TLC (chloroform-methanoi, 20: 1 with trace amoum of acetic acid): R^- 0.54. 




15 „ „ . , . „ . 

b 

Compound I 

Step 6 A portion of the acid ftom Step 5 (405.7 mg. 0.78 mmol) was dissolved in 
dimetfaylsuUmide(3 0mLX TxiedQd amine (0J4 mL) was added fbUovvcd by palladium 
20 (20.3 mg» 0.09 mmol), U-bis(diphenylphosphino)propaoc 052 mg, 0.085 mmol) and 
phenethyiamine (1 .42 g, 1 1.7 mmol). Carbon monoxide was bubbled through the solution for five 
minutes. The solution was placed under a carbon monoxide atmosphere and was heated in ^ 



-41 
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baibat70.75'Covenugta. Tlie mixture was co led to room tcmpcnuurc. diluted with ethyl acetate 
(50mL)andw«hedwith 10% HQ followed by ,.^ter. The aqueous phase was back^«ncted with 
ethyl acetate and the combii«d organics were dried (MgSO.) and concentrated to a yeliowK,range 
solid. Purification by Hash chromatography (chloroform-methanol. 95:5) gave an off-white solid 
which was recrystallized ftom ethyl acetate hexanes to give the title compound (219.7 mg, 0.41 
mmol; 53% yield). AomL (for C„H,oNO,a) C: calcd, 73.39: found, 73.1 1. H: calcd, 5.60: found. 
5.40. N: calcd, 2 J9; found, 2.32. 

The examples in Table I were prepared by the palladmm-mediated carbonylation method 
of Example I with the appropriate amine in place of phenethyl amine. Furthermore, the requisite 
isomeric iodide precursors were prepared by the method of Example I using w or 
p-iodophenylacetic acid as starting material. 
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xn 




R.S 


80-83 


xm 




R.S 


66-69 


XIV 




R,S 


76-79 


XV 




R,S 


79-83 


XVI 




R,S 


88-90 


xvn 


o 


RJS 


190-191 


xvra 




R.S 


189.5-190.5 


XDC 






184.5-185 


XX 






196.5.197 


XXI 






180.5-181 
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Ezanpie 22 - Prcpaniti o of Compound XXII 

b 0 




,0H 
0 

Compound XXn 

nic add bom Example 7 {200 mg. 0.37 nunol) was dissolved in ethanol (15 mL) and was 
treated with IN NaOH (1.8 mL. 1.8 mmol). The mixture was smred at mom temperanire over the 
weekend. The reaction was concentrated to dryness and the residue was partitioned between 
chloroform and 10% HCl. He layers were separated and the aqueous phase was extracted again 
with chloroform. TTie combined organics were dried (Na,SO,) and concentrated to an off-white 
solid. TTie crude produa was recrystaUized from edianol-hexane to give the product as off-white 
crystals (65 mg, 0. 128 mmol; 35% yield). MP 189.5-190.5 'C. 

Example 23 - PreparatioD ofCompooBd man 




0 

Compound Xym 



TTje acid ftom Example 8 ( 1 80 mg. 0 J4 mmol) was saponified according to die goerai method of 
Example 22 to give die diacid product as a yellow solid (142 mg, 85% yield). MP 71-75 »C. 



HI 
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Example 24 - Preparation of Compound XTV 

HO 




0 

Compound XIV 



The acid from Example 19 (104 mg, 0. 199 mmol) was saponified according to the general 
method of Example 22 to give die diacid product as colorless crystals (79 mg, 80% yield). MP 
164.5-165.5 'C. 

Example 25 - Preparation of Compound XXV 




o 



Step I A sample of the todo acid from Example I, Step 5 (I.O g» L93 mmol) was suspended in 
diy dichloromethane (20 mL). To the stiired suspension was added benzyl alcohol (0.44 mL, 4.05 
mmol), DOC (0.6 g» 2.89 nmol) aad DMAP (SO mg, 0.39 mmol). The yellow suspension was 
sdnedovemt^ at room temperature. Themixture was diluted with hexanes (60 mL) and water (5 
mL). The mixtute was stined and filtered and the filter cake was washed with hexanes. The 
organics were se p ar ate d , dried (MgSOO and concentrated to an oil. Flash chrotruttography (gradient 
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dution.hexane^thylaceBte,9:l to 1:1) gave the purified esterase oil fO.95 g. t.56mmol: SI-, 
vield). TLC (hexanes^yl acetate, I : I ): lt» 0.64. 




.0^ 
o 

Step2 TTieiodoesterfromStep I (0.910 g. 1.49 mmol) was subjected to the palladium-mediated 
carbonylation method of Example I with water in place ofphenethyl amine to give the half acid 
ester produa (475 mg, 0.90 mmol: 61% yield). MS (FAB-LSIMS) 527[M+H1* 

O 




Step 3 The half acid ester from Step 2 (0.46 g, 0.87 mmol) was dissolved in dichloiomethane (8 
ml). To the solution was added 4K2-aminoediyI)mon)holine (0.13 g, 0.96 mmol) and 
l-hydroxybcnzotriaroie (0.12 g. 0.87 mmol). TTie flask was washed down with dichloiomethane 
(2mL)andcooledinanicebath. 4-Methyteuiipholine was added (97 mg. 0.96 mmol) followed by 
H3Hiimethytaninopropyl).3^yl<aibodiiniide hydnxhkmde (0.18 g, 0.96 mmol). The yeUow 
solution was waimed to room temperature with overnight sdning. Tlie mixture was dUuted with 
dichioromethane (40 mL) and washed with water. TTie aqueous layen were b«:k-extracted with 
dichloromethane. TTie combined organics were dried (Na^,) and concentrated. Purification by 
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flash chromatography (chloroform-mcthanoK 95:5) gave the product as a pale yellow oil (0.438 g, 
0.685 mmol; 78% yield). TLC (chioroform-methanoL 9: 1): 070. 




O 



Compound XXV 

Step 4, The acid from Step 3 (0. 1 5 g , 0.47 mmol) was saponified according to the general method 
10 of Example 22 to give the product as cream colored foam (65.2 mg, 52%). MP 127-129 '•C. 

Example 26 - Preparation of Compoand XXVI 



15 




O 



Step 1 The meta-iodo isomer of Example 1 , Step S (i.e^ prepared according to the procedure of 
Example I begizming with m-iodophenyt acetic acid; 2.0 g, 3.86 mmol) was dissolved in I^* 
dichioroethane (8 mL). To tbe soludoa was added ethanol (0.68 mL, 1 L57 mmol) and several drops 
20 of concennated sulfuric acid. The solution was held at reflux ovemigbt The mixture was cooled, 
loaded onto a silica column and flash chromatographed (bexanes-ediyl acetate, 3:1) to give the 
product as a yellow oil (1142 g) which retained solvent by protcm NMR. TLC 
(chloroform-methanoU 10:1): 0.91. 
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Step 2 The iodo ester &om Step I (2.1 g. 3.84 mmol) was subjected to the palladium-mediated 
carbonylauoti method of Example I with water In place ofphenethyl amine to give the half acid 
esterproductd.l g, 2.37 mmol; 62% yield). TLC(1:1 hexane-ethyl acetate with 1% acetic acid): 
fV= 0.70. 




ester 



Compound XXVI 

Step 3 The half acid eater fiom Step 2 was converted to Example 26 using b-alanine ethyl 
in the general metbod of Example 25. MF261-261"C. 

"Die exampta in Table D were prepared by the general multi-step mediod of Example 25 
starting with the appropriate iodo acid and amine ptecursois. 
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TABLE II 
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COMPOUND 




ISOMER 




xxvn 




Its 


182-18S 


xxvm 




Its 


78.80 


XXDC 




Its 


114-125 



Example 30 - Prepandon of Compoand XXX 



IS 



20 



Step 1 A one-necked. 1000-mL. round-bottomed flask equipped with an argon inlet adapter was 
charged with 500 mL CH,CI^ 4-pbenylphenoi acetate (50.0 g, 235 mmol). bromoacetyl bromide 
(732 g, 3 1 .6 mL, 363 mmol) and cooled to 0 while aluminum trichloride (94.2 g, 707 mmol) was 
added in anallpoitionsca. over Smin. The resulting mixture was sdned for 30 min at O'C and 12 
hat room teaqKiatUR. The leaetimi mixture was added to a cold 10% HQ solutira (500 mL). and 
extracted three times with 2OO41L portions of ethyl acetate. The organic phase was dried over 
MgSO«, filtered, and concentrated to provide a black solid. Reciystallization &om ethyl 
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aceutchexanes afforded 44.3 g (56%) of the desired compound as d broxvn solid. TLC 
(hcxanes-eihyl acetate. 9:1 ) R,= 0.14. 



AcO 




Step 2 The desired compound was synthesized from the product of Step 1 above by the general 
procedure in Example I . TLC (hexanes - ethyl acetate. 3: 1 ) R^= 0.49. 




Step 3 A teuahydiofiaan (400 mL) and ethanol (50 mL) solution of die product from Step 2 (18.4 
g) was treated with K,COj and sdired under argon at room tempetatuie overnight Because a 
significant amoum of sianing material remained, the volume of dm reaction was reduced by one half 
and additional KjCO, (12 g) was added. The reaction was complete after 3 h. The reaction was 
concentrated and acidified with 10% HCL TTie product was extracted with ethyl acetate, dried 
(NajSOJ and concentrated to a brown oUy residue. Purification by flash chromatogr^hy (hexanes 
- ethyl acetate, 3: 1) gave the product as a yellow oil (14.8 g; 86%). TLC (hexanes - ethyl acetate. 
3:l)iV«0.20. 
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(X' 




Step 4 A suspension of NaH (95% by weight, 1 43 mg, ^ 5.95 minof) in dry DMF ( 10 mL) m.^ 
5 cooled with an icc-waicr bath and treated with a solution of the phenol from Step 3 (3.4 g, 5.66 
mmol) in dry DMF (20 mL). The mixture was warmed to room tcmpcranire and benzyl bromide 



were dried (MgS04) and concentrated to a yellow oil. Flash chromatography (gradient elution, 
10 hexanes-eihyl acetate, 9: 1 to 3:2) gave the intermediate diestcr (3.32 g). This material was dissolved 

in a mixture of THE (2S mL). ethanol ( 1 00 mL) and 1 N NaOH (22 mL) and the solution was stirred 

overnight Thereacdonmixturewasctmcentratedand the residue was partitioned between 1^^ 

and ethyl acetate. The organics were dried (Na3S04) and concentrated to a white solid (2.5 1 g). 

This diacid was dissolved in U4-<lioxane (250 mL) and the solution was held at reflux overnight 
IS The solution was cooled and concentrated to a yellow-white solid (2.36 g). Recrystallization from 

ethyl acetate gave pale yeUow crystals (1.77 g). MP 173-174 TLC (hexanes - ethyl acetate, 3:1 

with a trace of acetic acid) R^* 0.43. 



(3.4 mL, -28.3 mmol) was added in a single portion. The flask was stirred at room temperature 
overnight The mixmre was diluted with 10% HCI and extracted with ethyl acetate. The organics 
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Compound XXX 
Steps. Example 30 was prepared by the palladium-mc^ 
I vvith pipcridine as the micleophile. MP 100-102.5 "^C. 



on method of Example 




Example 31 - Prepandon of Compound XXXI 

Example 3 1 was prepared by the genend proc«^^ 
thealkylationstepandpiperidineasth^ ^ 
105.5-107.5 *C 




Compound XXXn 
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Example 32 - PrcparatioB of Componnd XXXn 

Example 32 was piepared by the general procedure of Example 30 using the appropriate 
isomeric iodo precursor. M? 168-169 'C. 

Example 33 
Blologieal Assays of lavcatioo Compouada 
P218 Quenched ¥\uottataet Am«v far MM1> lnhlM^j^n; 

The P218 quenched fluorescence assay (Microfluorometric Profiling Assay) is a 
modification of that originaUy described by Knight, et al., FEES Lea. 22fi, 263, 1 992 for a related 
substance and a variety of matrix metalloptoteinases (MMPs) in cuvettes. The assay was run with 
each invention compound and the three MMPs, Mmp-3, MMP-9 and MMP-2. analyzed in pataUel. 
adapted as follows for a 96-well microtiter plate and a Hamilton AT* woricstation. 
P2H FhlffregWW Sfl^Wtnitt: P218 is a synthetic substrate containing a -Uacetyt-?- 
methoxycoumarin (MCA) group in the N-tenninal position and a 3-[2, 4-diiutrophenyl].L-2J. 
15 diaminopropionyl(DPA) group internally. This is a modification of a peptide repotted by Knight 
(l992)tfaatwasusedasasubanateformatrixmetaUoproteinases. Once the P218 peptide is cleaved 
(putative clip site at the Alfr-Leu bond), the fluorescence of the MCA group can be detected on a 
fluorometer with excitattim at 328 nm and emission at 393 nm. P218 is currently being produced 
BACHEMexchaivdyfiirBqier. P2l8hasthesiiuctuie: 
20 H<MCA-Pro^ys-Pn>-Leu-^I«ii.DPA-Ala-Arg-NH2 (MW 1332^) 

Rtcombimaa fhanm CHO Pro-MMP-3: Human CHO pro-stromelystih257 (pio-MMP>3) 
was expressed and purified as described by Housley. et al^ J. BhL Chm. 268.4481.1993. 
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Activation of Pro-X&fP-J: Pro-MMP-3 at I ?■> uM nno M«/™r w» - -r • 

" J « ^vi (100 fig/toL) in 3 mM Tns at pH 7.5. 

5 CaCl,. 25 mM NaCI. atu, O.OO50/. Brii-35 (MMP-3 activadon buffer) wa, activated bv 
incubadonwithTPCK(N-tosyKL)-pheny,alaainecWo.^^^^ 

-MMP-3) at 25 'C for 30 mi. T.e reaction stopped addition of soybean trypsin ^bitor 
(SBTI 5: 1 ^./w to trypsin conce«n«ion). TT^ activation protocol results in the formation of 45 kDa 
active .MMP.3. which still contains the Cterminal portion of the enzyme. 
Prtpiratiffn ftf Hyaia Rwomhinmnt Prn^^u^j^, , ^ ^ 

Reconttina„^Hun,anPro-S4MP.2:li^ P-gdatinase A (pro-MMP.2) was prepared 

usingavacciniaexpression system accordingto the methodofFridman,etaI.. J. Biol. Che„.26L 
15398, 1992. 

Activation of Fro.mtP.2: Pro.MMP.2 at 252 mg^mL was dUuted 1:5 to a final 
concentration of 50 ^g/mL solution in 25 mM Tris at pH 7.5. 5 mM CaCK. 150 mM NaQ. a«I 
0.005%Btij.35(MMP-2activationbufe). ;vAminophenylmercuric acetate (APMA) was prepared 
inlOmM(3Jmg^nd.)in0.05NaOR TT^APMAsolutionwasaddedat 1/20 the re^^^^^ 
for a final AMPA concemration of 0.5 mH and the enzyme was incubated at 37 
Activated MMP.2 (15 mL) ^ dialy«d twice vs. 2 L of MMP-2 activation buffer (dialysis 
membranes we« preHie«ted with . solution consisting of 0.1% BSA in 
for 1 min.. followed by extensive H,0 w«hiag). The enzyme wa, concenti«ed on Centricon 
concentiBton (conce««ois were also p«me«ed a solution consisting of 0.1% BSA in MMP-2 
activation ln.ftrforl«in-foltewedbywashingwithH,0.theaMMP.2^^ with 
re-dilution foUowed by re<oncea»tiootepe.«l twice. TTie enzyme was dUuted to 7.5 mL (0.5 
times the origiittl vohmte) with MMP.2 activation bufier. 
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ReconU,i^HurnanPro.MMP.9:Hm^ pro-gdatinase B fpro-MMP.9) derived fiom 
U937 cDNA a, described by Wilhclm.etal.y Biol. Chem.2M. 17213. 1989 was expressed as ihe 
fiilHength fonn using a baculovinxs protein expression system. The ptOH»,zyn,c was purified using 
methods previously described by Hibbs. et al. y. Ao/. CAm. 2fifi. 2493, 1984. 

Activa:ionofPro-MMP.9: hcMMP-: 20 ng/mL in 50 mM Tris at pH 7.4. lOmM CaCU. 
1 50 mM Naa and 0.005% Brii.35 (MMP-9 activation buffer) was activated by incubation with 0.5 
mM pHuninophenylmercuric acetate (APMA) for 3.5 h at 37 "C. The enzyme was dialyad against 
the same buffer to remove the APMA. 
InatniBMi^ftjjftn- 

Hamiltion Xficrolab AT Plus: The MMP-Profiling Assay is performed roboticaUy on a 
Hamilton MicroUb AT Plus*, "n* Hamilton is pmgrammed to: (l)seriaUy dilute up to 11 potential 
inhibitors automaticaUy fiom a 2 J mM stock in 100% DMSO; (2) distribute substrate followed by 
inhibitor imo a 96 weU Cytofluor plate; ami (3) add a single enzyme to the plate with mixing to start 
thereaction. Subsequem plates each additional enzyme are prepared automaricaUy by 
the program at the substrate addition point, remixing the dUuted inhibitors ami begimting the 

reaction by addition of enzyme. In this way. aU MM? assays were done using the same inhibitor 
dilutions. 

MUUpon Cytoflmr E Following incubation, the plate was read on a Cytofluor Q 
fluorometric irftt reader with excitation at 3 40 nM and emission at 395 nM with the gain set 



5V 



SIBSIiniI£SHEEr(RDLE28) 



n,,^^^ ^^^^ ^^^^ ^^^^ ^ ^ 
"»^.f50,.M2KN.n«pl„to«»«Ufo^.„i,,,^,„^„^^ ^.^ ^^^^^^ 
raM NaCl. 0.005% Brij-35 and 1% DMSO. 

Micro/luoro^rnc Proftling Assay. TT« a«iy is done with a final subsa«e 
concentn«ionof6MMP218 andapptoxin^uely .5 to ^ 

The Hamilton is p„,granuned to scriaUy dUute up to 1 1 compound, from a 2.5 mM stock (100% 
DMSO)to lOx the final compoundsconcemrations in thcassay. Initially, the instrument deliven 
various amounts of microfluoromenuic reaction bufier (MRB) to a 96 mbe rack of 1 ml Marsh 
dUution mbes. TT,e instrument then picks up 20 ,1 of inhibiu,r (2.5 mM) fiom the sample rack and 

mixesitvathabufierinrowAof.heMa^shrack.resultingina50^Mdrugconc^^^ 
inhibitors are then seriaUy diluted to 10. 5. 1. .2. .05 and .01 ,M. Position 1 on the sample rack 
contains only DMSO for the "enzyme^nly" wells in the assay, which results in no inhibitor in 
column l.rowsAthroughH. The instrumemthendistributeslOTM 

MRB) to a single 96 weU cytofluor micnniter plate. The insmm«t reWs and loads 1 4.5 m of 

diluted compound fitmirww A to G in tfieMaiahiai*t«<«™««« J- • u . 

in i« iwaian taac to cone^xmdmg rows m the microliter plate. 

(Row H reproseots the -n-ckground- row and 39.5 mI of MRB is deUvered in placed of dn.g or 
enzyme). T^«-cd«is«art«d by adding 25^1 of the appropri^ 

enzymcconc««ndon)fiom.BSAt«tted,ea8e«rtsem,irtoe.^ RowH,*e 
"background- row. CITie enzyme reservoir is pret«u«l with 1% BSA in 50 mM Tris. pH 7.5 
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combining 150 mM NaCl for 1 hour at ro m temp., followed by extensive H^O and drjing 

at room temp.). 

After addition and mixing of the enzyme, the plate is covered and incubated for 25 min. 

ai3rc. Additionalenzyraesaretesttdinthesamemanaerbybeginningthe Hamilton programme 
the distribution of P218 substrate to the microtiter plate. foUowed by re-mixing and distribution of 
the drug &om die same Marsh rack to the microtiter plate. n» second (or third, etc.) .MMP to be 
tested is then distributed &om a reagem rack to the microtiter plate with mixing, prior to covering 
and incubation. This is repeated for ail additional MMP'sto be tested. 

laOandKi Determination in Mierofluonmetrie Assay: Data generated on the Cytofluor 
niscopiedfiomanexporttd-.CSVfiletoamasterExcel spreadsheet Data from several different 
MMPs (one 96 weU plate per MMP) were calculated simultaneously. The percent inhibition is 
determination for each drug concentration by comparing the amount of hydrolysis (fluorescence 
units generated over 25 minutes of hydrolysis) of wells containing compound wiUi die "enzyme 
only" wells in column I. Following subtraction of die background die percem inhibition was 
15 calculatedas: 

((Cootiol values • Treated values)/Control values) x 100 
Percent inhibitions were detennined for inhibitor coneenuatioos of 5, 1, 0.5. 0.1, 0.02,0 .005 and, 
0.001 \xM of drag. Linear tegiession analysis of percent inhibition versus log inhibitor 
coitcentxatioii WIS used to obiaiB IC« vahies. 

ii;^ were calculated auiomaticaify for each en^me tested based uptm the equation: 

x;-((A:.xic«^i;,+[SD 
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when [S] * substrate concenoaii n>6^M. 
61437.1979. 
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This is the method of Williams, et al., }^ethods En=ym. 



TABIXm 



c 

J 


COMPOUND 


MMF>3 
IC(iiM) 


MMP.9 
IC(iiM) 


MMP-2 




I 


127 


173 


A\ 1 




n 


122 




1 t 




m 


174 


475 






rv 


175 


246 


Mi 7 


10 


V 


54.7 


146 






VI 


214 


431 


CO t 




vn 


131 


478 






vra 


165 


806 






K 


43.6 


254 


1 7 < 


IS 


X 


73.8 


251 






XI 


34.4 


58 1 


1 A ^ 

10.3 




xn 


450 


2650 






xm 


236 


552 


1 C7 




XIV 


308 


707 


110 


20 


XV 


364 


493 


104 




XVI 


24.8 


137 


9.86 




xvn 


236 


606 


53.6 




xvm 


677 


452 


137 




XK 


376 


423 


82J 


25 


XX 




2000 


446 




XXI 


242 


806 


84.1 
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xxn 
xxm 

XXIV 
XV 
XVI 



166 
259 
293 
371 
178 



J 130 

1590 

915 

744 

706 
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63.5 
96.0 
82.4 
51.4 
76.6 



xvn 
xvm 

XXK 
XXX 
XXXI 

xxxn 



353 
42.8 
465 
12.5 
35.8 
14.8 



786 
201 
449 
102 
373 
167 



48.0 
24.1 
81.4 
4.44 
17.0 
13.0 



Other embodiments of the invention wiU be appuent to those skilled in the an fiom a 
consideration of this specification or practice of d» invention disclosed herein, ft is intended that 
the specification and examples be considered as exemplary only, wi* the true scope and spiht of 
the invention being indicated by the foUowing ei«im. 
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Wc claim: 

1. A'™*»«^P™«i»«ii>hibitm,compo«iritovtogi,eBaK^ 

o 

wtcrein T is benzyloxy. pentyloxy. or CI. and R" is selected from the group consisting of: 
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2. '^««»P«>^tio°'»ving««rixmeu^^^ 
of claim I and a phannaceudcally acceptable earner. 

3. A method of inhibiting matrix metaUopiotease activity in a mammal comprising 
administnmonofaneffixtive amount matrix metaUop^teaseu^^^ I 

mammal 

*■ The method of claim 3 wfaaein said mammal a a. h i mum 

5. A method of treating a mammal comprising administering to the mammal 

metallopiotease inbTnting amou« of a compound accoiding to clam 
(a) a"evia,ethee&ctsofosteoari«tis.iteumaioidattf^ 
•iisease. corneal ulcenaion. pioteimm.. aneurysmal «»tic disease. dystrophoWc 
epidennolyais. buUos^ conditions le^iing to infl«mnatoiy reposes, osteopenias 

iMdiaiBd by MMP activity, temperomamlibularjoimdisw 
neivous system; 



(b) •*—»«»«"nieiMtasis or degenerative cartilage loss followangtm^^ 

(c) ««>dneecoionaiythionibosisfiomadnoscleioticplaqgeru^ 

(d) e£bct biith control 
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6. Tlje method of claim 5 wherein the effect is aUeviati n of osieoaithritis. 

7. The method ofclaim 5 wherein the effect is retardaii n of turn r metastasis. 

8. A compound having the fonnuia: 
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